Background: Long-term obesity after pregnancy is associated with obesity prior to pregnancy and retention of weight postpartum. This study aims to identify socioeconomic differences in prepregnancy body mass index, quantify the impact of prepregnancy obesity on birth outcomes, and identify determinants of postpartum weight retention. Methods: A total of 2231 pregnant women, recruited from three public hospitals in Southeast Queensland in Australia during antenatal clinic visits, completed a questionnaire to elicit information on demographics, socioeconomic and behavioural characteristics. Perinatal information was extracted from hospital records. A follow-up questionnaire was completed by each participant at 12 months after the birth to obtain the mother's postpartum weight, breastfeeding pattern, dietary and physical activity characteristics, and the child's health and development information. Multivariate logistic regression method was used to model the association between prepregnancy obesity and outcomes. Results: Being overweight or obese prepregnancy was strongly associated with socioeconomic status and adverse behavioural factors. Obese women (18% of the cohort) were more likely to experience gestational diabetes, preeclampsia, cesarean delivery, and their children were more likely to experience intensive-or special-care nursery admission, fetal distress, resuscitation, and macrosomia. Women were more likely to retain weight postpartum if they consumed three or fewer serves of fruit/vegetables per day, did not engage in recreational activity with their baby, spent less than once a week on walking for 30 minutes or more or spent time with friends less than once per week. Mothers who breastfed for more than 3 months had reduced likelihood of high postpartum weight retention. Conclusions: Findings provide additional specificity to the increasing evidence of the predisposition of obesity prepregnancy on adverse maternal and perinatal outcomes. They may be used to target effective behavioural change interventions to address obesity in women.
Background
In Australia, approximately one-third of all pregnant women are overweight or obese [1] . A similar prevalence of overweight and obesity among pregnant women has been observed in the United States [2] . In both countries the proportion of pregnant women who are overweight or obese is increasing [3, 4] .
Pregnant women who are overweight or obese have a disproportionate risk of induced preterm delivery [5] and maternal, intrapartum, peripartum, neonatal [6, 7] , and postpartum complications including gestational diabetes mellitus (GDM), type 2 diabetes, high blood pressure, dyslipidaemia, cardiovascular disease and several major cancers [7, 8] . The offspring of these women also have a significantly elevated risk of adverse short-and long-term health issues [9] [10] [11] . For example, children of women with GDM are more likely to be obese and have impaired glucose tolerance and diabetes in childhood and adulthood [12, 13] .
Increased risk of being overweight after the first and subsequent pregnancies is associated with the level of obesity prior to pregnancy [14] , gestational weight gain above the recommended guidelines [15, 16] , and failure to lose gestational weight in a reasonable timeframe (excessive postpartum weight retention) [17] . Substantial evidence also links net weight gain after pregnancy to obesity in later life [18] and shows that women who fail to lose weight postpartum have a higher risk of subsequent long-term obesity [19] .
It has been shown that adverse factors such as lack of nutrition knowledge [20, 21] , poor dietary habits and physical inactivity [22, 23] could contribute to being overweight or obese during pregnancy as well as having high postpartum weight gain and/or retention. Findings from a recent retrospective cohort study [4] confirmed the commonly described association between maternal obesity, lower socioeconomic status [24, 25] and indicated the role of adverse health behaviours in explaining this socioeconomic status differential [26] . The importance of this finding relates to the potential for addressing the high prevalence of overweight and obesity among pregnant women through screening and targeted behaviour change interventions in high-risk groups. Interventions based on specific knowledge of the subgroups at greatest risk and the modifiable behavioural determinants would lead to substantial population benefit by interrupting the transgenerational repeating cycle of risk [25] .
There is currently insufficient knowledge to generate and refine targeted public health interventions to reduce transgenerational obesity because population-based studies on the impact of obesity on birth outcomes are relatively scant, especially country-specific studies such as for Australia. The present study is a prospective and multi-year longitudinal birth cohort study, and collects a spectrum of eco-epidemiological factors [27] . It thus offers a unique opportunity to understand the various exposures that have impact on birth and postpartum outcomes. The aims of this study were to identify any socioeconomic differential in prepregnancy body mass index (BMI), to quantify the impact of prepregnancy obesity on maternal and neonatal outcomes, and to identify determinants that are associated with postpartum weight retention. The identification of the socioeconomic differential in prepregnancy obesity and the modifiable risk factors in excessive weight retention postpartum will be useful for targeting future behavioural change interventions, identifying population groups who would benefit from public health interventions, and promoting research in women's health to address the problem of obesity.
Methods
This prospective cohort study was conducted and reported in accordance with the STROBE guidelines (http://www. strobe-statement.org/).
Study design and subjects
The birth cohort "Environments for Healthy Living" (EFHL) is a population-based longitudinal study which commenced the pilot phase of recruitment in November 2006 and open recruitment in August 2007 to investigate the relationship between social, environmental and behavioural factors and the health and development of children in Southeast Queensland, Australia [27] . The study area contains an estimated population of over 1 300 000 people or approximately 30% of Queensland's population. The study region is markedly heterogeneous with respect to socioeconomic distribution; in particular, the Health Districts of the study region are known to have higher proportions of socio-economic disadvantage than the national average [28, 29] .
Women who planned to give birth at one of three participating hospitals were eligible to participate and enrol their baby in this study. Pregnant women aged less than 16 years or unable to provide informed consent were excluded [27] . Written informed consent was obtained for release of hospital perinatal data related to the birth of each child, completion of a participant baseline survey and for individual follow-up. During the first four open recruitment phases of the study (2007 to 2010), the total number of mothers approached was 5149, of whom 2254 women (43.8%) agreed to participate and 2277 babies have been registered with the study (including 23 sets of twins).
Following recruitment, a questionnaire was completed by each mother to elicit baseline information on demographics, socioeconomic status, family structure, behavioural and pregnancy characteristics. Perinatal information was extracted from hospital birth records. Follow-up routinely occurs when each child reaches 1, 3, and 5 years of age [27] . Information on maternal physical activity, dietary intake and breastfeeding duration, familial and social exposures as well as child health was collected via self-report questionnaires. In this study, multiple births were excluded (n = 46), leaving 2231 mothers and babies at baseline. Of 2231 mothers, 2009 (90%) have complete information on prepregnancy BMI. At 1-year follow-up, 1426 mothers (63.9% of 2231) returned questionnaires. Of 1426 mothers, 1316 (92%) have complete information on prepregnancy BMI and maternal weight at 1-year follow up. Figure 1 presents a flow diagram of recruitment and loss to follow-up for the present study.
Measurements
A wide variety of health-related exposures and outcomes variables were measured at baseline (self-report questionnaire and hospital birth record) and during the 1-year follow-up (self-report questionnaire) with variables classified under the following domains: (a) Maternal; (b) Nutrition and physical activity factors; (c) Household and family; (d) Pregnancy; and (e) Child factors.
Maternal characteristics measured at baseline included self-reported prepregnancy weight and height, place of birth, maternal age, education level, employment status, marital status, smoking, alcohol and 'over the counter' medications intake patterns for non-medical purposes during pregnancy, and psychological distressmeasured using the Kessler-6 (K6) psychological distress scale. The K6 has been widely used and has demonstrated excellent internal consistency and reliability [30, 31] . Three levels of risk of psychological distress were considered on the basis of the overall score of the 6 items: Low-risk (0-7); Medium-risk (8) (9) (10) (11) (12) ; and High-risk (13+) [32] . Using the self-reported prepregnancy weight and height, prepregnancy BMI was classified on the basis of the World Health Organisation (WHO) criteria (underweight: <18.5 kg/m 2 ; normal-weight: 18.5-24.9 kg/m 2 ; overweight: 25.0-29.9 kg/m 2 ; obese: ≥ 30 kg/ m 2 ) [33] . At 1-year follow-up maternal measurements included self-reported postpartum weight, psychological distress, frequency of 5 or more (5+) alcoholic drinks on one occasion (once per week or more often compared to less than once per week), having a paid job after birth, and frequency of spending time with family and friends. Postpartum weight retention was calculated by subtracting the prepregnancy weight from the current weight at 1-year follow-up.
Nutrition and physical activity factors measured at baseline are mineral and vitamin supplements taken prior to and during pregnancy (Iron, Zinc, Calcium, Folic-acid, Multivitamins, Vitamin-C, Vitamin-E, Pregnancy/Breastfeeding supplement). Factors measured at 1-year follow up included breastfeeding duration, fruit and vegetable intake, frequency of takeaways, attendance at recreational activities with baby (such as, play groups, mothers' groups, or swimming classes), and the frequencies of moderate physical activities and walking (30 minutes or more).
Household and family factors were obtained at baseline (including partner's education level and employment status, household ownership and number of children under 16 years of age) and during the follow-up period at 1-year (including the frequency of being a single parent for 1 month or longer, whether the mother is living with the biological father of the child, spouse or partner, whether their relationship status changed, environment with child exposure to passive smoking, and frequency of eating takeaway food).
Variables in the pregnancy domain were obtained from hospital birth record, which included parity, pre-existing hypertension, obstetric complications (hyperglycaemia, gestational diabetes, preeclampsia, cesarean delivery), and neonatal complications (fetal distress, admission to an intensive or special care nursery, jaundice, respiratory distress, congenital anomaly, resuscitation procedure).
Child characteristics included gender, birthweight, and at 1-year mother-reported weight gain, injury, and indication of health-related conditions (asthma, chest infection) diagnosed by a medical doctor. Macrosomia was defined as birthweight > 4 kg, irrespective of gestational age [34] .
Ethical approval
Approval for the study was obtained from the Griffith University Ethics Committee and the Human Research Ethics Review Committees of the three participating public maternity hospitals (Logan, Gold Coast and Tweed Hospitals) in the study area.
Statistical analysis
Data were analysed using IBM SPSS-22 (IBM, Chicago, IL). Baseline characteristics of the EFHL cohort were compared with all births with gestation of 28 weeks or more in the study region between 2007 and 2010, in an attempt to address potential selection bias. Missing data including loss to follow-up were handled using a complete-case approach. Measures of association and ordinal association between prepregnancy BMI groups and categorical variables were obtained using Pearson's chi-square and Gamma statistics, respectively. Comparisons of continuous variables between the four prepregnancy BMI groups were tested using one-way ANOVA (with Tukey's post-hoc multiple test). Multiple logistic regression was performed to identify pregnancy and neonatal problems that associate with the prepregnancy underweight, overweight and obese mothers. Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were calculated after accounting for potential confounding factors that are significantly associated with the prepregnancy BMI groups. These include maternal age, employment and education, alcohol intake and smoking during pregnancy, non-medical drug use, primiparity, pre-existing hypertension, marital status, paternal employment and education, household ownership, and the number of children living in the household aged under 16 years. The year of recruitment was also considered as a potential confounder, given temporal differences were identified for some antenatal exposures [29] . Polynomial contrast within multiple logistic regression models were used to test the linear trend of adjusted ORs.
Cut-off points for high postpartum weight retention were determined separately for three prepregnancy BMI groups (normal, overweight, and obese) by the highest weight retention quintile. This group of women with high postpartum weight retention (weight retention > top quintile) thus contains about 20% of women in each of the three pregnancy BMI groups. Multiple logistic regression was conducted to identify risk factors at 12-month follow-up that are associated with high postpartum weight retention. Adjusted ORs with 95% CIs were calculated, after accounting for potential confounding factors including the year of recruitment, the prepregnancy BMI grouping, and those factors defined above.
Results

Sample characteristics
Baseline characteristics of the EFHL cohort are displayed in Table 1 along with corresponding details of births with gestation of 28 weeks or more in the study region between 2007-2010. The birth cohort sample did not differ significantly from the general population for gender, plurality, or birth outcome. However, our sample had a smaller proportion of mothers who were younger than 20 years of age and infants who were born between 28 and 36 weeks gestation. Moreover, the percentage of low birthweight infants (<2500 g) was approximately half that of babies born in the general population.
Prepregnancy BMI
The baseline descriptive characteristics of participants stratified by the prepregnancy BMI is shown in Table 2 . Underweight women were younger compared to women with a normal prepregnancy BMI (reference group). On the other hand, compared to women with a normal prepregnancy BMI, overweight and obese women had lower education level. Their partners were more likely to be unemployed or not in the labour force, and had lower education level. Obese and underweight women were less likely to be married, own their own home, and consume alcohol during pregnancy. However, they were more likely to smoke during pregnancy and be engaged in non-medical drug use. Supplement intake prior to and during pregnancy was different between the four prepregnancy BMI groups. There were moderate negative ordinal relationships between intake of major supplements and prepregnancy BMI with obese women less likely to take supplements of all types considered in the study, especially iron, multivitamins, vitamins-C and E. There was a moderate positive ordinal relationship between number of children under 16 years of age in the household and prepregnancy BMI (0.170, p < 0.001), indicating that the proportion of prepregnancy obesity increases when the number of children under 16 years old increases. A moderate positive ordinal relationship between parity and prepregnancy BMI was also observed (0.201, p < 0.001), indicating that the proportion of prepregnancy obesity increases for mothers who have had previous pregnancies. The strong relationship between pre-existing hypertension and prepregnancy BMI (0.495, p = 0.021) confirms that obese women are more likely to have the pre-existing condition.
Pregnancy and neonatal outcomes
The impact of prepregnancy obesity on pregnancy and neonatal outcomes after adjusting for confounders is presented in Table 3 . With an increasing level of obesity prior to pregnancy, a linear trend of increasing risk of adverse outcomes was observed for hyperglycaemia (p for trend = 0.024), cesarean delivery (p for trend < 0.001), intensive or special care nursery admission (p for trend < 0.001), resuscitation (p for trend = 0.001), and macrosomia (p for trend < 0.001). In addition to these adverse outcomes, obese women were also more likely to have GDM (adjusted OR = 2.327) and preeclampsia (adjusted OR = 3.143). Further, their newborns had also a higher chance of having fetal distress (adjusted OR = 1.870). Babies of overweight women were also more likely to have jaundice (adjusted OR = 1.762).
Mothers who completed and returned the 12-month follow-up questionnaire (63.9% of 2231) were more likely to be born in Australia (p = 0.013), married (p < 0.001), older (p < 0.001), employed (p < 0.001), had lower likelihood of psychological distress based on K6 scale (p < 0.001), consumed alcohol during pregnancy (p < 0.001), had higher education level (p < 0.001) and household income (p < 0.001), than those who did not return questionnaires. Further, they were less likely to have underweight or obese prepregnancy BMI (p = 0.009), or smoke during pregnancy (p < 0.001). There were no significant differences in gender of the babies.
Outcomes at 12-month follow-up
The 12-month follow-up descriptive characteristics of participants and their babies are given in Table 4 . There was a moderate negative ordinal relationship (−0.219, p < 0.001) between breastfeeding duration and prepregnancy BMI, indicating that the proportion of mothers who breastfed longer than or equal to 3 months decreased when prepregnancy BMI increased. Further, compared to women with a normal prepregnancy BMI, overweight, obese and underweight women were less likely to attend a play group or other recreational activity with their babies (p = 0.002) but are more likely to have medium or high risks of psychological distress (p = 0.032) and more frequently a lone parent (p = 0.030). A significant difference in weight retention at 12 months was observed between the four prepregnancy BMI groups (p < 0.001). There was a moderate positive ordinal relationship (0.221, p = 0.004) between asthma and prepregnancy BMI, indicating that the proportion of babies with asthma increases when prepregnancy BMI increases. The difference in weight gain of infants between normal and overweight mothers prepregnancy was also significant (p = 0.019).
Postpartum weight retention
In Table 5 , the determinants of high postpartum weight retention (within the top quintile) for the normal, overweight, and obese prepregnancy BMI groups, with adjustments for potential confounding factors that are significantly associated with the prepregnancy BMI groups, are presented. Women were more likely to have high postpartum weight retention if they consumed three or less serves of fruit/vegetables (adjusted OR = 2.005, p = 0.001), did not engage in recreational activity with their babies (adjusted OR = 1.916, p < 0.001), spent less than once a week on walking for 30 minutes or more (adjusted OR = 1.691, p = 0.029) or spent time with friends less than once per week (adjusted OR = 1.695, p = 0.040). However, mothers who breastfed for more than 3 months had reduced the chance of high postpartum weight retention (adjusted OR = 0.673, p = 0.030).
Discussion
An important contributing factor to the development of long-term obesity in women is excessive weight retention after pregnancy [17, 19] . There is marked variability in weight changes that are associated with pregnancy and pregnancy is a critical period for prevention of obesity in women [35, 36] . This large cohort study has contributed to the growing evidence that helps to target interventions during pregnancy by the identification of modifiable risk factors that are associated with high postpartum weight retention. Women who consumed three or fewer serves of fruit/vegetables per day, did not engaged in recreational activity with their baby, and spending less time on leisure walking or with friends were at higher risk. Mothers who breastfed for more than 3 months had a lower likelihood of sustained weight retention after pregnancy. These findings help to clarify the inconsistent results obtained in previous studies [37, 38] on the role of dietary intake and breastfeeding duration as predictors of excessive weight retention postpartum, suggesting that the promotion of healthy eating, breastfeeding, modest physical activity and recreational activity with their baby and friends may help to improve weight retention outcomes. In this context, a systematic review of interventions designed to prevent excessive weight gain during pregnancy and postpartum weight retention found that there are only a few studies that evaluated the effect of interventions on postpartum weight retention and these interventions had limited success [39] . More recent randomized controlled trial interventions have been conducted aiming to reduce postpartum weight retention through nutritional counselling, exercise sessions, and psychological counselling [39, 40] . The prevalence of overweight and obesity prepregnancy in the present cohort of pregnant women in Southeast Queensland was 39%. Specifically, women with lower socioeconomic status, and adverse dietary habits appear to be at greater risk of being overweight or obese prepregnancy. For example, obese women were more likely to use non-medical drugs, smoke during pregnancy, have lower education level and their partners being unemployed or not in the labour force. They were less likely own their own home. More than half of them did not take major supplements prior to and during pregnancy. These findings have contributed to the evidence-base obtained by studies conducted in various countries [24, 25, 41] on the association of socioeconomic status with pregnancy obesity or high postpartum weight retention. In addition, overweight and obese women are less likely to breastfeed longer than 3 months, partly due to that obese women are less likely to express milk successfully within 2 months postpartum [42] , and engage in recreational activities with their baby. This high-risk subgroup of women may therefore greatly benefit from interventions to improve weight retention outcomes by promoting nutrition knowledge, healthy eating and physical activity. The present study also confirms that overweight and obese women are more likely to have medium or high risks of psychological distress and more frequently identify as a lone parent. This finding suggests that interventions that incorporate counselling and support with psychologically-based components, such as monitoring of maternal depression and anxiety, may provide an effective way to prevent excessive gestational weight gain [39] . Women who enter pregnancy overweight or obese have been associated with many adverse maternal and neonatal outcomes, based on studies in various countries [9] [10] [11] . The current study showed that prepregnancy obese women, who comprised 18% of the cohort, had a significantly increased risk of obstetric complications including gestational diabetes, preeclampsia, cesarean delivery, and their newborns had increased risk of poor neonatal outcomes including intensive or special care nursery admission, fetal distress, resuscitation, and macrosomia. In prepregnancy overweight women, who comprised 21% of the cohort, increased risk was associated with cesarean delivery and jaundice. This evidence has important public health implications. It would assist the health care provider to identify at-risk pregnancies, potential obstetric complications, and to monitor the newborns during the immediate post-delivery period.
Strengths and limitations
The key strength of this study was the large cohort, the population-based recruitment, and the prospective nature of the data collection. This large cohort enables the inclusion of a wide variety of health-related exposures and outcomes in the analysis and hence an increased validity and generalisability of our findings can be achieved. Besides maternal, pregnancy and neonatal characteristics, the study design allowed risk factors in the domains of nutrition/physical activity and household/family structure to be considered. However, careful consideration should be given to whether these factors may be on the causal pathway between the exposure and the outcome. Adjusting for these "pathway" variables in the models may induce bias in the estimated effect of an exposure [43] . While there are differences in some household/family factors between prepregnancy BMI groups, only household ownership and number of children under 16 are confounders and were adjusted for in the multivariate analyses. Notwithstanding these overall strengths the results should be interpreted within the context of the following study limitations. Despite the population-based recruitment, the EFHL cohort, as demonstrated in Table 1 , is likely to include fewer mothers under 20 years of age, and fewer low birth-weight and low gestational age babies than in the general population. This is because prospective mothers were recruited after 24 weeks gestation at routine clinic visits, with a significant proportion of women recruited closer to 36 weeks [27] . This implies that mothers who are at risk for childbirth complications or adverse birth outcomes could be underrepresented in our sample. Due to differences in hospital perinatal data collection among the participating hospitals, only common maternal morbidities were included in the data analyses. Among them, gestational diabetes and preeclampsia are rare (less than 5%) in our cohort, which mean that adjusted ORs for these two outcomes cannot be obtained for the underweight group (see Table 3 ). While a wide variety of confounding factors have been considered in the study, there may still be residual confounding present, resulting in distortions in the estimated effect size of exposures.
As with most cohort studies, a degree of measurement error could be expected arising from self-or proxyadministered nature of the survey data collection that could affected the accuracy of the self-reported prepregnancy and postpartum weights variables used in this study. Given however, adult weight and BMI are underestimated by self-reported measures, especially in overweight and obese groups [44] , it is likely the true prevalence of overweight and obese pregnant women may be higher than found in our cohort. Loss to follow up bias may also have resulted in an underestimation of postpartum weight retention and the prevalence of adverse 1-year maternal and child outcomes. With respect to the potential selection bias and loss of follow-up bias in this study, there was an overrepresentation of relatively advantaged mothers who agreed to participate in the cohort study and who provided 1-year follow-up information. These women had higher education levels and household income but were less likely to have prepregnancy obesity.
Implications for practice and/or policy
Compared to the extensive body of literature on the consequences of obesity in non-pregnant individuals [45] [46] [47] [48] , research to date on the impact of obesity on reproductive outcomes is relatively scant, particularly population-based studies on extremes of BMI [5] . However, the importance of this problem is beginning to receive considerable attention [49] . The contribution of this paper to the growing literature is in its robust findings across primary, secondary and tertiary components of the problem. The paper documents in a population-based cohort of pregnancy women, the distribution and determinants of overweight and obesity, the likely perinatal complications of the condition and the distribution and determinants of maternal and child outcomes 12 months after delivery including postpartum weight retention.
Conclusions
The reported findings provide additional specificity to the increasing evidence of the predisposition of obesity prepregnancy on adverse maternal and perinatal outcomes. They also offer a coherent picture that both justifies the need for large scale interventions to address the problem, but also the information about risk factors and risk groups that is required to support the development and implementation of these interventions. Future research and practice could usefully now be addressed at evaluating the efficacy and population level effectiveness of the anticipated policy solutions, to what is clearly a maternal and child health problem of major proportions.
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